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Summary: The objective of this study was to compare the effectiveness of different tags (T-bar anchor tags, internal anchor 
tags and visible implant elastomers) implanted into juvenile meagre, Argyrosomus regius (Asso, 1801) for a restocking 
programme conducted in the Balearic Islands. Effectiveness was assessed in terms of tag loss, fish survival and fish growth 
by means of a tank experiment. The internal anchor tags showed the highest retention rate (100%), but the tagging mortality 
was also high (40%). The tagging mortality of T-bar tags was negligible. However, another tank experiment with different 
food rates showed the tag retention rate of the T-bar tag to be highly variable, ranging from 35% to 95%. In contrast with 
other reported results, the retention rate of visible implant elastomers was low (48%). Finally, none of the tested tags affected 
growth. In summary, the T-bar anchor tags showed the best trade-off between short-term tag retention and fish mortality, and 
seem to be the most suitable tagging method for meagre juveniles. 
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Comparación de diferentes estrategias de marcaje: Efectos en la tasa de retención, tasa de mortalidad y crecimiento 
de marcas alojadas en juveniles de corvina Argyrosomus regius (Pisces: Sciaenidae) criados en cautividad
Resumen: El objetivo de este estudio fue comparar la efectividad de diferentes marcas (marca con anclaje en T, marca con 
anclaje abdominal y marcaje con elastómero visible, VIE) implantadas en corvinas juveniles (Argyrosomus regius Asso, 
1801) para un programa de repoblación llevado a cabo en las Islas Baleares. La efectividad fue evaluada en función de la 
pérdida de marcas, la supervivencia y el crecimiento de los peces mediante un experimento en tanque. Las marcas con anclaje 
abdominal presentaron la tasa de retención más alta (100%), pero también presentaron la mayor tasa de mortalidad (40%). 
La tasa de mortalidad de las marcas con anclaje en T fue despreciable. Sin embargo, otro experimento con diferentes tasas 
de alimentación mostró que la tasa de retención de las marcas T fue muy variable, oscilando entre un 35% y un 95%. En 
contraste con otros resultados publicados, la tasa de retención de los VIE fue baja (48%). Finalmente, ninguna de las marcas 
testadas afectó al crecimiento. En resumen, las marcas con anclaje en T mostraron el mejor compromiso entre la tasa de re-
tención a corto plazo y la tasa de mortalidad de los peces, y parece ser el método de marcaje más adecuado para los juveniles 
de corvina.
Palabras clave: marcas de anclaje; Argyrosomus regius; crecimiento; corvina; tasa de retención; mortalidad por marcaje; 
elastómero visible.
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INTRODUCTION
Mark-recapture methods are becoming widely 
available for modelling population dynamics and for 
assessing the success of management actions of fish 
stocks (Lorenzen 2005, Ye et al. 2005, Gil et al. 2015). 
In the case of restocking programmes aimed at enhanc-
ing stocks, the identification of released fish is essential. 
Reared individuals must be efficiently and unambigu-
ously differentiated from wild stocks (Blankenship and 
Leber 1995, Chick 2010). Therefore, the development 
and testing of a reliable tagging method should precede 
any investment in restocking itself (Bell et al. 2006).
Tagging fish provides data invaluable not only for 
assessing a restocking programme but also for other 
objectives beyond restocking. These objectives include 
assessing the impact of escaped farm fish, studying fish 
movement patterns, and determining migration tenden-
cies, growth rate, mortality rate and population abun-
dance (Phelps and Rodriguez 2011, Arechavala-Lopez 
et al. 2017). 
A great variety of tag types have been used to 
monitor stocked individuals, including electronic tags, 
biological tags, chemical tagging and physical tags 
(Leber and Blankenship 2011). Unfortunately, none of 
the current tagging methods guarantees complete ef-
fectiveness for any fish species. By contrast, they are 
highly species-specific, so the most appropriate tag-
ging method should be specifically analysed for each 
species. 
Meagre, Argyrosomus regius (Asso, 1801), is a large 
sciaenid whose populations have decreased steadily in 
Mediterranean waters (Quéro and Vayne 1987), and it 
is considered to be extinct in the Balearic Islands (west-
ern Mediterranean), where it was a relatively frequent 
capture only a few decades ago (Mayol et al. 2000). 
Therefore, the Balearic government qualified meagre 
as a suitable species for a restocking programme based 
on releasing hatchery-reared fish. Accordingly, more 
than 10000 juveniles tagged with T-bar anchor tags 
have been released since 2008. Although many studies 
of Argyrosomus regius have been conducted because 
of its commercial interest and because it has been 
shown to be a feasible candidate for the diversification 
of finfish marine aquaculture (Quéméner 2002, Jimé-
nez et al. 2005), no study related to the effectiveness of 
tagging on meagre has been conducted to date.
Ideally, tagging should not influence the survival, 
growth or behaviour of the fish, and nor should tag loss 
occur. Nevertheless, tag loss occurs frequently, and the 
retention time typically depends on the type of tag. Tag 
loss may cause underestimation of survival rate for the 
hatchery-reared juveniles, and therefore an underesti-
mation of restocking success. Results obtained from 
the meagre restocking programme conducted in the 
Balearic Islands showed that some tag loss occurred 
on the recaptured specimens several months after the 
release (Gil et al. 2014a). In the same study, the re-
captured meagre juveniles showed that the released 
specimens experienced difficulty feeding during the 
first weeks after release into the wild (Gil et al. 2014a). 
Therefore, studies on tagging methodologies in meagre 
juveniles and the influence of the nutritional status on 
the tag retention appear to be necessary.
In this paper, a tank experiment to evaluate how 
the loss of T-bar anchor tags could be affected by 
feeding status was conducted using hatchery-reared 
juvenile meagre. The aim was to determine how this 
factor affected the tag retention rate in the meagre 
released during the restocking programme conducted 
in the Balearic Islands. In addition, the tag loss rate, 
survival rate and growth were compared for different 
tags (T-bar anchor tags, internal anchor tags and visible 
implant elastomers [VIE]) in a second tank experiment 
with juvenile meagre. Thereby, we evaluated which 
tagging method was the most effective and appropriate 
for meagre juveniles, to apply it in future releases of 
the restocking programme.
MATERIALS AND METHODS
This study was conducted at the LIMIA (Labora-
tori d’Investigacions Marines i Aqüicultura, Balearic 
Government) facilities in the Balearic Islands, Spain, 
using hatchery-reared juvenile meagre. The fish were 
spawned in May following the protocols developed by 
LIMIA (Pastor et al. 2013). The eggs were obtained 
by hormonal induction of meagre breeders captured 
in Cádiz Bay. During the hatchery phase, larvae were 
reared under controlled conditions and fed a diet com-
prising rotifers (day 2-15) and Artemia sp. (day 8-30). 
The fish fry, and later the juveniles, were fed commer-
cial feed (Skretting®, Burgos, Spain; day >30), first in 
tanks and later in small sea cages until they were used 
in the tank experiments.
Tank experiments
The tank experiments and fish tagging were ap-
proved by the ethics committee of LIMIA, which is 
a laboratory authorized for animal research (official 
register reference code ES070050000502). These tasks 
were conducted under veterinary supervision and mini-
mized fish suffering, in accordance with the European 
Communities Council Directive 2010/63/EU, and in 
strict compliance with Spanish law (RD53/2013, BOE 
n. 34, 6 February 2013).
In the first experiment, a total of 60 five-month-old 
juveniles (WT=83.7±24.5 g and LT=19.5±1.9 cm) were 
tagged with T-bar anchor tags (Fig. 1A; Model FF-94; 
Floy Tag) and distributed in a 10000-L rectangular 
flat-bottom fibreglass tank divided into six sections 
(ten meagre per group). A flow-through open system 
allowed a renewal rate of 50 L min–1, and the water 
temperature was maintained at 18.0±1.3°C through a 
heating system. The fish were subjected for 118 days 
to three different treatments: control, starvation and 
low diet, with two replicates for each treatment. The 
control fish were fed daily with fresh food (fish and 
squid) until satiation, and the starved fish were not fed 
throughout the experiment. The fish under a low diet 
were fed once a week with fresh food. Weekly, all fish 
were sampled (WT and LT), and the retention of the T-
bar tags was checked.
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The second experiment was a double-tagging ex-
periment. Double-tagging techniques can estimate 
tag loss rate of released fish (Wetherall 1982, Otterå 
et al. 1998) with the use of permanent tags, such as 
VIE (Hartman and Janney 2006) or coded wire tags 
(Henderson-Arzapalo et al. 1999), in order to distin-
guish individuals that have lost the tag from those 
that were never tagged. In this experiment, the tested 
putative permanent tag was the VIE. For 139 days, a 
total of 90 eight-month-old juveniles (WT=147.7±31.8 
g and LT=24.4±1.6 cm) were held in a 10000-L tank 
divided into three sections (30 meagre per section). A 
flow-through open system allowed a renewal rate of 50 
L min–1, and the water temperature was 16.0±2.0°C. 
Each section contained ten fish for each of the three 
tested treatments: (1) untagged control fish, (2) fish 
tagged with an orange VIE and T-bar anchor tag (Mod-
el FF-94; Floy Tag), and (3) fish tagged with a green 
VIE and internal anchor tag. At the beginning of the 
experiment, the control fish were sampled (recording 
WT and LT) but not anaesthetized. The remaining fish 
were anaesthetized (0.5 mL L–1 2-phenoxyethanol) and 
sampled just prior to the tagging. The internal anchor 
tag (Fig. 1B; Model FM-95W; Floy Tag) was inserted 
into the abdominal cavity through an approximately 
6-mm vertical incision made with a scalpel. The inci-
sion was allowed to close naturally (no suture stitches 
were applied). The VIE tags (Fig. 1C; NWMT, Shaw 
Island, WA) were inserted manually with a hypoder-
mic syringe into the left inferior opercular area where 
the skin is thinner and whiter. Fish were fed daily with 
fresh food (until satiation). All fish were sampled twice 
a month, during which WT and LT data were taken, and 
the retention of the tags and healing of the internal an-
chor tags were checked. Fish mortality was recorded 
daily.
Data analysis
Tag retention rate
The first tank experiment provided data for estimat-
ing the effect of diet on the T-bar retention in meagre 
juveniles. The second experiment allowed for a com-
parison of tag retention rates between T-bar anchor 
tags, internal anchor tags and VIE in juveniles sub-
jected to the same food conditions.
The differences in the tag retention time between 
treatments for each of these factors were analysed us-
ing the survival analysis method, which is designed 
to investigate the factors affecting the time at which a 
particular event (here, tag loss) occurs (Crawley 2007). 
Originally, the method was developed for medical sur-
vival analyses, but it has already been applied in other 
fields. To determine the differences in the tag retention 
rate between treatments, a proportional hazards model 
(or Cox regression model) was applied to the data. This 
model describes the probability per unit time of the 
event occurring as a function of a basic probability (the 
baseline hazard) and a set of explanatory variables (here, 
diet or tag type). Not all of the fish lost the tag within the 
duration of the experiment, so the partially missing data 
were considered as right-censored observations. The 
probabilistic nature of the model allowed the variation 
in the timing of the event (here, the percentage of tag 
retention) to be predicted. The coxph function from the 
survival library (developed by T. Therneau and T. Lum-
leyat; http://cran.r-project.org/web/packages/survival/
survival.pdf) of the R package (at http://www.r-project.
org/) was used to estimate the model parameters and 
likelihood ratios. The predicted survival rates at differ-
ent times and treatments were estimated using the survfit 
function from the same library.
Fig. 1. – Tagging of A. regius juveniles with T-bar anchor tag (A), 
internal anchor tag (B), and VIE (visible implant elastomer) (C).
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Growth 
The fish length (LT) dataset taken every 15 days 
during the second experiment was used to compare the 
effect of the T-bar and the internal anchor tags on the 
fish growth, using the untagged fish as a control. 
The size-at-age data of each fish were fitted to a 
version of the Von Bertalanffy growth model, allowing 
for seasonal oscillations (Gil et al. 2014b):
Lt = L0+(L∞– L0) (1– exp(–K(t – t0) –St + St0) + εt
where
St=(CK/2π) sin(2π (t – ts))
St0=(CK/2π) sin(2π (t0 – ts))
εt = Normal(0,sdLt)
In this parameterization, L0 is the averaged total 
length of the fish at the beginning of the experiment 
(24.5 cm), and t0 is the fish age at the beginning of 
the experiment (263 days). L∞ was assumed to be 
171.9 cm (González-Quirós et al. 2011); however, the 
value of this parameter did not affect the estimates 
of size-at-age. The remaining parameters C (which 
modulates the amplitude of the seasonal growth os-
cillations), K (the rate of approach to the asymptotic 
length) and tS (the time between t0 and the inflection 
point of the first sinusoidal growth oscillation) were 
estimated using a Bayesian approach. Three chains 
were run using randomly selected initial values for 
each parameter within a reasonable interval, and 
conventional convergence criteria were checked. The 
number of iterations was selected for each run to ob-
tain at least 1000 valid values after convergence and 
thinning. The models were implemented with the li-
brary R2jags (http://cran.r-project.org/web/packages/
R2jags/R2jags.pdf) of the R package, which uses the 
samplers implemented in JAGS (http://mcmc-jags.
sourceforge.net/).
Growth differences were analysed by comparing 
the K values obtained for the fish tagged with the T-
bar tag, the fish tagged with an internal anchor tag and 
the control fish. The K parameter is a measure of the 
exponential rate of approach to the asymptotic length 
(Schnute and Fournier 1980). Therefore, for the same 
L∞, K is representative of the growth rate.
Mortality rate
Fish mortality among different tagging methods 
was compared and analysed using death events re-
corded during the 139 days in the second experiment. 
Thus, the mortality of fish tagged with T-bar tags and 
internal tags and the untagged fish (control) were 
compared.
The differences in mortality between tagging meth-
ods were analysed using the same survival method as 
that detailed above. In this case, the model describes 
the probability per unit time of a death event occurring 
as a function of the explanatory variable, i.e., the type 
of tag.
RESULTS
Effect of diet on T-bar anchor tag retention
The T-bar tag retention rate fitted using the Cox 
model was estimated for the different treatments of 
diet: control (fed every day), low diet (fed once a week) 
and starvation (unfed). The probabilities of tag reten-
tion over time were found to be significantly affected 
by the treatments (Coefficient=20.48, df=2, p<0.05). 
Therefore, the diet (i.e. amount of food given to the 
fish) significantly influenced the tag retention (Fig. 
2). The fish subjected to a low diet showed higher tag 
retention (70%) than the control fish fed daily (35%). 
However, the starved fish showed the highest tag reten-
tion rate (95%) because they retained almost all of the 
tags during the 118 days of the experiment. 
Comparison of different tags
The tag retention observed with the T-bar anchor 
tag, internal anchor tag and elastomers in the second 
experiment was analysed separately (Fig. 3). The sur-
vival analysis showed that the tag retention for the T-
bar (92.3%) was significantly higher than that for the 
elastomer, which retained just 48% of implanted tags 
(Coefficient=16.09, df=1, p<0.05). The fish tagged with 
the internal anchor tag were not included in the analysis 
because no tag was lost during the course of the experi-
ment (139 days). The survival analysis requires at least 
one event to occur during the study period.
The effect on growth on the fish tagged with the 
T-bar and internal anchor tag and the control fish (un-
tagged) was studied using a Bayesian inference, which 
facilitates the estimation of individual growth param-
eters and between-fish variability. The K parameter 
(i.e. the exponential rate of approach to the asymptotic 
length) was similar for all the treatments (Fig. 4), indi-
cating no effect on growth in fish tagged with different 
types of tags.
Fig. 2. – Estimated T-bar tag retention for the diet factor. Compari-
son between the three diet conditions tested: control, low diet and 
starved.
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The mortality recorded during the second experi-
ment was analysed separately for the three treatments 
tested (Fig. 5): T-bar anchor tag, internal anchor tag and 
control fish (untagged). The fish tagged with the inter-
nal anchor tag showed the lowest survival rate (60%), 
which was significantly lower than the mortality rate of 
the untagged (control) fish (p<0.05). Conversely, the 
fish tagged with the T-bar anchor tag showed a survival 
rate (83.3%) very close to and not significantly differ-
ent from that experienced by the control fish (p=0.9). 
DISCUSSION
Restocking is increasingly used for enhancing fish 
stocks, but the success of restocking programmes has 
rarely been assessed. Natural and fishing mortality of 
the released fish can be estimated from the temporal 
distribution of returned fish after a number of release 
events (Gil et al. 2015), but the precision of this or any 
other demographic parameter depends on the amount 
and temporal distribution of the fish reported by fish-
ermen. In general, returned fish are essential for as-
sessing the success of any restocking programme that 
measures the survival and growth of the released fish 
(Chick 2010). The optimal tag should cause no delete-
rious effect, and it should not be lost at any moment. 
Ignoring lost tags implies mortality overestimation, 
and it may induce the wrong conclusion on the suc-
cess of a restocking programme. Therefore, this study 
compared several tagging techniques to select the best 
method for identifying the released meagre when they 
are recaptured from the wild by fishermen after an ex-
tended period. 
The T-bar anchor tag has been widely used in sev-
eral studies because it is quickly and easily applicable 
(Astorga et al. 2005), so this tag type was selected 
for the restocking programme with meagre juveniles 
conducted in the Balearic Islands. However, some tag 
losses were observed on the recaptured meagre several 
months after the release (Gil et al. 2014a). In this study, 
T-bar tags showed a high variability in retention time in 
juvenile meagre, as has been observed in other studies. 
For example, after 1 year, the T-bar anchor tag reten-
tion was 93% for Arctic grayling, Thymallus arcticus 
(Pallas) (Buzby and Deegan 1999), and 89% for lake 
whitefish, Coregonus clupeaformis (Mitchill) (Ebener 
and Copes 1982). In contrast, the anchor tag retention 
was 42% after one year for striped bass, Morone saxa-
tilis (Walbaum), (Waldman et al. 1991), 25% after 560 
days for white bass, Morone chrysops (Rafinesque) 
(Muoneke 1992), and 9% after 198 days for red roman, 
Chrysoblephus laticeps (Valenciennes), (Kerwath et 
al. 2006). The high tag retention differences can vary 
between tagging methods, between tag size, between 
species and within species (Booth and Weyl 2008).
The diet comparison in this study showed a signifi-
cantly lower T-bar tag retention rate for well-fed fish. 
Fig. 3. – Estimated tag retention for the three different tags tested 
in the second experiment: internal anchor tag, T-bar anchor tag and 
elastomer.
Fig. 4. – Values of the parameter K estimated for the von Berta-
lanffy growth model with seasonal oscillations for the control fish 
and the fish tagged with T-bar and internal anchor tags. The dots are 
the median values, and the vertical lines are the 2.5% and 97.5% 
percentiles.
Fig. 5. – Estimated survival rate for the three treatments tested in 
the second experiment: internal anchor tag, T-bar anchor tag and 
control fish (untagged).
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The tag loss could be related to scraping against hard 
structures or the high fish densities (Sánchez-Lamadrid 
2001, Booth and Weyl 2008). Therefore, an optimal 
nutritional condition may result in an increased activ-
ity pattern, thus favouring tag loss. Released meagres 
in the Balearic restocking programme need a relatively 
long time to adapt to wild food (Gil et al. 2014a). Short-
term tag loss seems to be smaller, and may be related 
to suboptimal diet of recently released fish, which may 
be less active than fully feed fish, as suggested by the 
tank experiment. However, the tag loss rate estimated 
from this experiment should be extrapolated to the wild 
with caution because the characteristics of the natural 
environment, fish behaviour in the wild and interspe-
cies interactions could modify the results (Sato et al. 
2016). Therefore, further tag retention studies should 
be conducted under natural conditions (Booth and 
Weyl 2008). 
The tag retention studies that have been conducted 
under natural conditions have mainly used double-
tagging approaches (Adam and Kirkwood 2001, 
Booth and Weyl 2008, Venerus et al. 2013). How-
ever, one constraint of these studies is the loss of both 
tags, so a “permanent tag” such as PIT, CWT or VIE 
has been used for comparison (Brennan et al. 2005, 
Josephson et al. 2008, Rude et al. 2011). In this study, 
the experiment conducted with the T-bar anchor tag, 
internal anchor tag and VIE had two goals: to seek an 
alternative to T-bar anchor tag (in the case of the in-
ternal anchor tag), and to select a “permanent tag” for 
future experiments under natural conditions (in the 
case of VIE). A very high retention rate was observed 
for the internal anchor tag (100% after 139 days). 
Similarly, Wallin et al. (1997) reported a retention 
rate higher than 99% after 30 days for common snook, 
Centropomus undecimalis (Bloch), and Dunning et al. 
(1987) reported 98% after one year for striped bass. 
The insertion of the internal anchor tag is a process 
which is far more traumatic than the insertion of the 
T-bar anchor tag because it requires a large incision in 
the abdominal wall and anaesthesia. This fact was re-
flected by the high mortality of meagre (40%). How-
ever, in previous studies this high mortality was not 
observed (Dunning et al. 1987, Wallin et al. 1997). 
Additionally, in some studies, irritation, haemorrhage 
and secondary infection around the insertion site 
have been reported (Vogelbein and Overstreet 1987, 
Phelps and Rodriguez 2011). However, successful 
healing and a lack of infection were observed in the 
fish tagged with internal anchor tags that survived in 
the tank experiment (Fig. 6). Conversely, the mortal-
ity observed with the T-bar anchor tags (16.7%) was 
the same as that of the untagged fish, so this mortality 
could be attributed to the handling and tank condi-
tions but not to the process of tagging with T-bar tags.
Contrary to expectations, VIE showed a low reten-
tion rate in this study (48%), whereas high retention 
had been reported elsewhere (Catalano et al. 2001, 
Brennan et al. 2005, Kerwath et al. 2006). VIE tends 
to fragment over time and thus may became difficult 
to see (Astorga et al. 2005); however, this was not the 
problem in this study because VIE began to disappear 
several weeks after implantation. In the case of VIE, 
body location, the experience and ability of the person-
nel and the amount of elastomer injected can signifi-
cantly influence tag retention and visibility. Neverthe-
less, the results reported here do not support the use of 
this method for meagre juveniles.
Finally, none of the tested tags interfered with the 
growth of meagre juveniles because no differences 
with untagged fish were observed. This result is in 
accordance with other tagging experiments conducted 
in other species with the same tag types (Otterå et al. 
1998, Phelps and Rodriguez 2011). Similar growth 
rates indicate that the use of different tag types does not 
affect the behaviour of the fish or cause stress (Morgan 
and Walsh 1993).
In addition to retention rate, mortality and growth, 
other aspects can be analysed to determine the pros 
and cons of the T-bar tag, internal anchor tag and VIE 
(Table 1). VIEs have a low cost but are ineffective for 
tagging meagre. Internal anchor tags have a high re-
tention and are visible by fishermen, but they showed 
a high mortality. Therefore, these two methods are 
clearly unsuitable for meagre. T-bar anchor tags have 
a quick and easy application and a low cost, allow-
ing a large number of meagre to be tagged in a short 
time. Furthermore, they are visible by fishermen who 
may provide individual information of the recaptured 
meagre, allowing detailed studies about movement, 
growth, feeding or survival to be conducted. However, 
evidence both in the wild and in tank experiments sug-
gests that the T-bar tags can show an important loss 
rate over time, which may introduce some biases if 
ignored or imply additional modelling complexities in 
the analysis of data obtained in this way.
Table 1. – Pros and cons of the tested tagging methods for meagre 
juveniles. a This method requires the fish to be anaesthetized (in-
cluded in the marking time).
 T-bar Internal VIE
Easily identified by the  
   fishermen
Yes Yes No
Identification of fish Individual Individual Cohort or group
Cost 0.67 €/tag 1.021 €/tag 0.14 €/tag
Marking time 3 seconds 2-3 mina 2-3 mina
Fig. 6. – A. regius with internal anchor tag as seen 125 days 
post-tagging.
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Therefore, to ensure sufficient data for the meagre 
restocking programme, other tagging methods should 
be evaluated in the future. Another option would be a 
double-tagging method combining a T-bar anchor tag 
and a “permanent tag”. Previous studies have proven 
that alizarin red (ALR) immersion marking is a suc-
cessful marker of meagre otoliths, and it produces a 
low mortality and remains over time (Morales-Nin 
et al. 2010). Therefore, ALR bath could be used as 
a “permanent tag” because, although the recaptured 
fish could not be individually identified, the analy-
sis of the otolith would allow it to be assigned to a 
particular release event. Thus, meagres that have lost 
the external tag an extended period after being freed 
could be identified, providing important information 
for assessing the success of a restocking programme 
(Gil et al. 2015).
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